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Abstract 
The objective of this work was to review the problems of urban water supply in the urban cluster of Tlemcen and to model the 
system in order to help improving the situation of water supply.  
The proposed approach to the network of UCT (Urban Cluster of Tlemcen) is based on an analysis of the current situation of 
water supply; it allowed us to identify the needs of the system, to analyze its feasibility, its technical measures of performance, 
and to model the different functions and sub-systems composing the studied water supply system. 
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1. Introduction  
The water supply in the urban cluster of Tlemcen (UCT) is characterized by an insufficient production that cannot 
meet with current needs, mainly due to the reduced rainfall during last years.  
Most neighbourhoods are supplied once to twice a week for few hours.  
There is also a tremendous rate of water loss that exceeds 50%. This loss is the result of an advanced deterioration of 
pipes, poor workmanship quality, and a lack of maintenance and renewal of pipelines.  
The water supply system as a whole is poorly structured as a result of extensions made without basic design.  
The objective of this work was to review the problems of urban water supply in the cluster of Tlemcen and to 
decompose the system in order to improve the situation of water supply.  
An analysis of the existing system allows the visualisation of the overall system architecture and its organization; 
this helps locating the different levels of interventions for a better use of the water supply system.  
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The grouping of Tlemcen, Chetouane and Mansourah is located in the north-west of Algeria; it occupies about 
11,220 hectares representing the inner basin of Tlemcen. This basin is bounded by the cliff of Lalla Setti on the 
south, the high hill of Ain El Hout to the north, Oum el Alou to the east and the mounds of Beni Mester to the west.  
Fig. 1: Presentation of the study area 
3. Current situation of the drinking water suply in the urban cluster of Tlemcen (UCT)  
The water supply of the urban cluster of Tlemcen is provided from 20 drillings, 8 springs and three dams (Dams of 
Meffrouche, Sikak and Beni Bahdel). The storage capacity is enormous (37 tanks and load breaks).  
The distribution network of the Urban Cluster of Tlemcen (UCT) is a mixed network (meshed and branched) 
presenting different levels of pressure in the distribution; it is beyond 450km in length (350km of distribution, over 
50km of water supply and the remaining are pipes playing both supply and distribution roles in the same time).  
The diameter of the pipes vary from 20/27mm of galvanized steel to 600mm of coated steel for the distribution and 
of 50/60 mm of galvanized steel to 1100 mm of pre-stressed concrete for water conveyance (a gallery of 2000 mm 
of diameter is used to transport water of the Meffrouche dam to the treatment plant). The number of accessories 
includes 830 valves, 10 drains and 5 suctions.  
The water supply network UCT consists of 24 distribution areas supplied by different tanks. These zones are created 
by manipulated valves on the network according to the availability of water in storages.  
4. Life cycle of the water supply system 
The life cycle of the drinking water system is presented in six stages:  
- Step1 of preliminary study: it contains the prior activities of analysis of the initial needs. In this step, the 
problem is identified and studied under well-defined criteria.  
- Step2 of definition: this step aims at defining in detail the system architecture, its specifications... 
- Step3 of Implementation: This step aims at installing the drinking water system. 
- Step4 of installation and production: its purpose is the verification of compliance and the launching of the 
system for production. 
- Step5 of Operation and maintenance: it keeps a running system going by correcting the deficiencies and taking 
into account the evolving demands of subscribers.  
- Step6 of withdrawal: the destruction is usually provided by specialized teams. Its main role is the protection of 
the environment.  
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5.  Needs identification 
As in most urban centres in Algeria, the current situation is marked by a difficult management of water resources 
and its distribution. This management admits the enormous effort in mobilizing the resources especially through the 
implementation of new dams, were not enough to satisfy the needs of a constantly growing population.  
The dramatic change in rainfall conditions has worsened the situation.  
An analysis of the situation thus highlights the following problems:  
• A discontinued functioning of the distribution with few hours limited service per week, depending on the 
availability of resources.  
• Hygienic and health problems appeared from this mode of operation and storage house holdings, as well as 
the interconnections of cleansing network with old pipes.  
• The huge losses which in most networks exceed 50% of production.  
• Facilities in bad conditions due to lack of support and maintenance. 
• Very decayed facilities that require renewal  
• An advanced degradation state of pipes by corrosion. 
• Facilities deterioration by lack of water and air introduction (frequent draining of pipes ....)  
• Extensions dictated by the emergency and random non-studied design.  
• Building quality is often bad due to insufficient work inspection....  
According to the problems analysis, also, for a proper function of the UCT, water supply network, the identified 
needs are:  
• Continuous operating supply, 
• Reduced rate of loss  
• Reduced Rate of incorrect branching  
• Guaranteed maintenance budget 
• Sufficient water quantity. 
• Acceptable water quality  
• Convenient long lasting 
For the UCT, two alternatives are proposed in order to improve the situation of the water supply, namely:  
• Renovation of the entire network,  
• Rehabilitation of the network  
We chose the second one, because part of the network is already in good shape; it can fill in the supply functions of 
drinking water for many neighbourhoods.  
6. Functional analysis of the system  
The functional analysis can translate the system requirements into criteria for the detailed design, with the 
identification of the specific resource requirements; it is presented in Figure 2 indicating the interactions between the 
terminal functions of the arborescence. 
Fig. 2: Functional analysis of the study system  
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The decomposition of the water supply system is illustrated in Figure 3, through a representation of the physical 
architecture, which includes the functions breakdown, the flows and objects handled, and the dynamic behaviours.  
Fig. 3:  The function breakdown of the system into components (sub systems) 
6.1. Technical measures of performance  
From the tank, water is distributed through a network of pipes on which connections will be stitched to feed 
subscribers.  
Pipes should therefore be of a sufficient diameter to ensure a maximum flow with a ground pressure compatible with 
buildings heights.  
• Flow 
The pipes must be able to convey the strongest instantaneous flows while taking into account the peak flow [2].  
• Diameter  
Refer to the diameters given in the albums. Do not go below 0.060m, or 0.080m.  
In the sections on which fire hydrants are expected to be installed, the minimum diameter will be of 0.100 m or 
0.150 m [2]. 
• Pressure  
The network must be calculated to satisfy certain pressure conditions.  
In view of the good performance of piping, pressures greater than 40m should be avoided in town, at risk of 
bringing disorders (leaks) and loud noises in the indoor facilities of subscribers [2,5].  
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• Materials (roughness)  
The choice of the used pipes depends on the pressure and the nature of the field, on the cost of supply and 
implementation, and on the ability to make connections, hook-ups and repairs in case of leakage [2, 5].  
•  Reliability  
Reliability is the characteristic of a water supply system that operates without failures of a component, that is, 
without losses in operating conditions over a determined period [2, 3, 10]. 
•  Safety  
Safety is the guarantee of non-occurrence of accidents during the use of the water supply system, under all 
circumstances.  
It presents the characteristic of operation without water cut-offs in the studied system [2, 3, 10].  
• Maintainability  
Maintenance and taking care play an important role in the functioning of the water supply system. The access 
conditions for repair or replacement of pipes or accessories must be carefully designed to allow easy access 
during work intervention [2, 3, 10].  
The listed items are shown in the matrix of technical performance measures (TPM) to assess the importance of each 
element in the water supply system of the UCT.  
Fig 4:  Matrix of Technical Measures of Performance
It is noteworthy that the matrix was elaborated using the systemic approach described by Blanchard & Fabrycky [1]. 
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6.2. Functional analysis of the processes  
The primary mission of a network of feeding in drinking water is to provide the following functions:  
• Production: it is done from the abstraction of groundwater or river water, depending on the resource opportunities 
and needs.  
• Storage: it is done in tanks on a hill for gravity feeding of a part or a whole of the city. The role of these structures 
is both to store a volume to continue the distribution in the event of interruption of production, and to allow for the 
adjustment for cheaper and more interesting pumping (buffer effect). They provide a way to limit the risk of failure 
[3,5,9]. 
• Distribution it is done from reservoirs by meshed networks usually equipped with various shut-off valves to 
increase the safety and to avoid service interruptions during repairs.  
Water is brought to the consumer by individual connections.  
These three functions are modelled in the following by flow transforming activities or processes, themselves 
decomposed into sub activities and control measures representing flows contributing to the transforming activity.  
We complete this functional modelling by elements of organic modelling (below)  
Fig. 5: Functional modelling for the production function 
Mechanisms
Inputs Outputs
Controls /constraints 
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Fig. 6: Functional modelling for the storage function 
Fig. 7: Functional modelling for the distribution function 
Controls /constraints 
Mechanisms
Inputs Outputs
Mechanisms
Inputs Outputs
Controls /constraints
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6.3. Functional analysis of the subsystems  
The result of the initial design (conceptual design) of the drinking water supply system concretizes in the down 
decomposition (top down) given in Figure 3; the definition of each subsystem is given as follows:  
• Capting  
The capture concerns either groundwater (springs, aquifers) or surface waters (rivers, lakes or even seas).  
• Water Treatment  
The treatment is almost always necessary to obtain hygienic water, thus clean for any type of consumption.  
• Adduction  
It is the transport of water from the sampling sites to the vicinity of the distribution area.  
• Accumulation  
The accumulation is to fill reservoirs to ensure on one hand a greater regularity of flow captured, treated and fed, 
and in the other hand a guaranteeing of supply during temporary unavailability of previous works.  
• Distribution  
Distribution is to provide users at each moment with the flows they need.  It requires a network of upsized pipes for 
the maximum flow, likely to go through at each point.  
Each subsystem can be decomposed into subsystems and components. 
7. Conclusion  
The systemic approach is not a new revolutionary method, replacing the traditional approaches, but a comprehensive 
approach integrating and structuring them, based on feedbacks.  
The proposed approach to the urban cluster network of Tlemcen is very effective for new needs, while leveraging 
existing infrastructure. It is beneficial in this study because it allowed us the decomposition of the system and the 
understanding of the way it works; this will allow us to analyze all the related processes. This approach of the 
integrating system of water supply of urban cluster of Tlemcen of globalizing nature allows a vision relevant to the 
objective of the designer and operator by modelling the overall behaviour of the system in its environment. 
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